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User's Guide for: 
A DIGITAL COMPUTER SIMULATION OF A 
RURAL TWO-LANE HIGHWAY 
by 
D. Jay Frankenfield 
Ths traffic flow model is a digital computer simulation utilLz-
ing the technique of periodic scanning to move the vehicles through a 
series of unit blocks. The model simulates traffic flow on a rural two-
lane highway by assuming a straight and level road and incorporating 
sight distance restrictions and no-passing zones to simulate the effect 
of limited sight distance. 
I. Vehicle information is assigned by a separate vehicle data prepara-
tion program. By assigning VPH = desired traffic volume in vehicles per 
hour, a selected traffic volume may be simulated. Output from the ve-
hicle data preparation program is punched onto cards to be read into the 
simulation program. 
II. To incorporate no-passing zones into the model, place the no-passing 
zone input packet directly behind the statement 40 CONTINUE. If this 
addition is not made, the p;ogram assumes a straight road with unlimited 
sight distance. 
III. Five different passing rules may be simulated by using one of the 
five $PASS subroutines. These five passing rules are: 
1. Pass only when safe to pass, 
2. Pass everytime, 
3. AcceptabJ.e gap.= 1000', 
4. Acceptable gap= lQOO + 1000 * RAND(O), 
5. Accept gaps according to the Cassel and Janoff criteria. 
IV. If no-passing zones are not used in the model, the data deck for 
the simulation program is just the vehicle data deck prepared by the 
vehicle data preparation program. However, if no-passing zones are 
used in the model, a no-passing zone data deck must be placed behind 
the vehicle data deck in order to complete the data deck for the sim-
ulation program. 
No-passing zone data decks for 34% and 67% no-passing zones are 
furnished with the program. These no-passing zone configurations were 
taken directly from log-mile records of no-passing zones on two high-
ways in the Missouri primary system. 
NaiE: 
For further details in the operation of this simulation program consult-
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The traffic flow model developed 1n this studv 1s a 
digital co8puter simulation utilizing the technique of per-
iodic scanning to move the vehicles through a series of 
unit blocks. The model simulates traffic flow on a rural 
two-lane highway by assuming a straight and level road and 
incorporating sight distance restrictions and no-passing 
zones to simulate the effect of limited sight distance. 
By utilizing various "passing rules" to initiate the 
pass1ng maneuver, three general topics were investigated. 
This study investigated the use of 1000 ADT as a criterion 
for yellow line striping no-passing by using the computer 
simulation to determine at what traffic volume a signifi-
cant number of potential passing conflicts begin to occur. 
The "pass only when safe to pass" passing rule was used to 
determine the relationship between the passing maneuver and 
traffic volume when the effect of human error was removed. 
By using various values for gap acceptance in the computer 
model, it was possible to determine if gap acceptance is a 
significant factor in the overall flow characteristics of a 
two-lane highway. 
The results of the research indicated that: (l) 1000 
ADT 1s a reasonable criterion for striping no-pass1ng zones. 
(2) if vehicles attempt to pass only when it is safe to 
pass, thP maximum number of passes per mile per hour occurs 
when traffic volumes reach the region of 800 vehicles per 
lll 
hour, and (3) gap acceptance lS a significant factor 1n the 
overall flow characteristics of a two-lane highway. 
lV 
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A. The Problem 
"The pursuit of happiness in America grows more and 
more dependent upon transportation (l)." To the majority 
of people the term transportation first brings to mjnd the 
highway mode of transport. There are more than three mil-
lion miles of rural roads and city streets in the United 
States with the rural roads carrying well over ninety per-
cent of the estimated intercity traffic (1). 
l 
Today the present interest in highways usually cen-
ters around freeways, expressways and the interstate system. 
However, "at least ninety percent of the total rural mile-
age is of the two-lane type and much of this mileage was 
constructed before modern geometric design standards were 
established (2). 11 Lane for lane, two-lane highways have 
substantially less traffic carrying capacity than the four-
lane divided highway. The levels of serv1ce achieved by 
two-lane highways only approach that of the four-lane high-
way when unlimited sight distance is available. But, on 
many existing highways the geometric configuration of the 
roadway restricts the available sight distance. On these 
roads, the limited availability of adequate sight distance, 
as well as the presence of oncoming traffic, limits the 
number of acceptable passing opportunities. Two-lane road-
ways also compare unfavorably with four-lane divided fa-
cilities in terms of safety. "Recent investigations of 
highway safety have shown that the death rate on two-lane 
rural highways is more than twice as great as on limited 
access rural highways (3)." 
2 
Safely executing the overtaking and passlng maneuver 
required on a two-lane highway "necessitates correct judge-
ment of many variables. The speed of the passed vehicle, 
the speed of an oncomlng vehicle, the distance required to 
pass, and the correct estimation of available passing dis-
tance must all be assessed by the driver (4)." Presently, 
the primary aid available to a driver attempting a passing 
maneuver on a two-lane highway is the yellow line striping 
of no-passlng zones. The Missouri State Highway Department 
lS currently using a value of 1000 ADT as a criterion for 
striping no-passing zones on rural two-lane highways. Be-
cause striping is a large Highway Department budget item, 
as well as a valuable driver's aid, it is worth while to 
determine if this use of 1000 ADT as a criterion is a rea-
sonable practice. By uslng a digital computer model simu-
lating a two-lane highway, it is possible to determine at 
what traffic volume a significant number of potential pass-
lng conflicts begin to arise. 
Numerous studies have been made concernlng the passlng 
maneuver and traffic flow on two-lane highways. 0. K. 
Norman (5) did observational studies in the early 1940's 
that have become the basis for the present American Associ-
ation of State Highway Officials (AASHO) design standards. 
Recent emphasis in research for two-lane highways has been 
concerned with the feasibility of electronic remedial aid 
systems to advise the driver attempting a passing maneuver 
( 6 ) . However, for effective analysis it is necessary to 
3 
learn more about the relationship between the passing maneu-
ver and traffic flow on rural two-lane highways. The out-
put from a digital computer model of a two-lane highway 
provides the data necessary to depict graphically many re-
lationships between the passing maneuver and traffic flow 
including the relationship between attempted passes, poten-
tial conflicts and traffic volume. 
In studying traffic flow on two-lane highways, one of 
the problems that developes is the proper modeling of the 
gap acceptance procedure. Gap acceptance refers to a driv-
er 1 s decision to determine if the gap between him and the 
closest oncoming vehicle in the opposite lane is sufficient 
to initiate a passing maneuver. Although studies have been 
made to determine a practical method of modeling gap accept-
ance (7), it is not known if gap acceptance is a critical 
factor in controlling traffic flow on a two-lane highway. 
By using various values for gap acceptance in a computer 
model, it is possible to determine if gap acceptance is a 
significant factor ln passing studies. 
B. Technique 
The technique of computer simulation is the prlmary 
tool used in this study. Simulation has been defined as 
"dynamic representation achieved by building a model and 
moving it through time (8}." The technique of simulation 
4 
has long been an important tool for eng1neers. Early uses 
of simulation included scale models of structural and hy-
draulic systems, wind tunnel simulations and the simulation 
of lines of communication by an organization chart. With 
the advent of high speed digital computers, simulation 
techniques have taken on added importance (9). 
In recent years, computer simulation of real systems 
has become a valuable tool for decision makers in many 
fields. These fields of application include transportation, 
management systems, space technology, economics and mili-
tary operations. Because computer simulation techniques 
permit the study of complex systems under controlled labo-
ratory conditions rather than under the adverse and uncon-
trolled conditions of the real system, this technique has 
been becoming increasingly popular (10). 
In developing a simulation model of any real system, 
the five following steps are generally followed: 
1. Define the problem and set specific objectives. 
2. Formulate the model. 
3. Prepare a computer program to implement the model. 
4. Conduct experimental runs of the simulated system. 
5. Interpret the results or output from the simula-
tion runs (ll). 
It is necessary to develop some procedure for scann1ng 
when developing a digital computer model. This scanning 
procedure is necessary because the digital computer cannot 
examine all parts of the system simultaneously, and because 
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the digital computer must divide time into discrete ele-
ments. There are two general methods of scanning. Perio-
dic scanning consists of periodically scanning and updating 
the entire system after each time interval scanned. The 
other method of scanning is event scanning. This method 
consists of determining what significant event will happen 
next and advancing the clock to the time of that event. 
Periodic scannlng is usually the most straight forward 
method, while the event scanning procedure may result in a 
savings of computer time (ll). 
For this study, the method of periodic scannlng was 
utilized in moving the simulated vehicles through a series 
of unit blocks. A unit block was used to represent a cer-
tain length of a two-lane highway. This methodology re-
sulted in a simulation model that was reasonably straight 
forward and easy to understand. Yet, the model did not 
require an excesslve amount of computer time. 
C. Objectives 
As part of the interdisciplinary studies of the Trans-
portation Institute, the specific aim of this research was 
to achieve the following objectives through the formulation 
and development of a digital computer simulation of a rural 
two-lane highway. 
1. Investigate the use of 1000 ADT as a criterion for 
striping no-passing zones by determining at what 
traffic volume a significant number of potential 
passlng conflicts begin to occur. 
2. Fit curves to express the number of attempted 
passes and the number of emergency indicators as 
6 
a function of traffic volume when vehicles at-
tempt to pass everytime a passing situation occurs. 
3. Determine the relationship between the number of 
passes, the amount of delay time and traffic 
volume when vehicles attempt to pass only when it 
is safe to pass. 
4. Determine if gap acceptance is a significant 
factor in the overall flow characteristics of a 
two-lane highway by comparing the output from 
computer simulation runs using selected gap ac-
ceptance criteria. 
II. REVIEW OF THE LITERATURE 
A. Overtaking and Passing Characteristics 
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Proper modeling of the overtaking and passing maneuver 
is essential for simulating a rural two-lane highway. Much 
of the available information concerning the passing maneu-
ver was developed in determining proper geometric designs 
to provide the required safe passing sight distance (12, 13). 
AASHO has attempted to incorporate human factors into the 
standards for required passing sight distance by observing 
the passing practices of many drivers. These AASHO design 
standards were based on the driver's behavior ln an apprec-
iable percentage of the observations and assumed that dur-
lng the passing maneuver, the passing vehicle averaged 10 
mph faster than the vehicle being passed. The original 
standards were established in 1939, and another study in 
1957 concluded that there were not significant changes in 
passing practices to warrant changing the standards (12). 
A probabilistic approach was taken by Matson, Smith 
and Hurd (13) in relating the overtaking and passing maneu-
ver to the overall vehicle flow characteristics for a two-
lane highway. They developed a curve showing the relation-
ship between the number of passes per mile per hour re-
quired to maintain desired speed and the traffic volume. 
They also compared the number of passes required to maln-
tain desired speed to the actual number of observed passes 
recorded by 0. K. Norman (5) for various traffic volumes. 
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Many studies have been made to observe driver charac-
teristics and judgement in the passing situation. Jones 
and Heimstra (14) studied the ability of drivers to make 
critical passing judgements by measuring drivers ability 
"to estimate the last safe moment for passing." They de-
termined that drivers could make an estimate of closure 
time "with a relatively high degree of accuracy." However, 
when asked to estimate the last safe moment to pass, driv-
ers ~ade unsafe underestimates approximately 50 percent 
of the time. In addition, Gordon and Mast (15) concluded 
that "drivers were unable to estimate overtaking and pass-
ing distances accurately," and the unsafe "error of under-
estimation increased with speed." They recommended the 
following driver aids: 
l. Passing areas and "no passing" signs 
(traditional aids to overtaking and pass-
ing). 
2. Speed limits and other speed regulations 
particularly in passing zones. 
3. Driver education not to pass at high 
speeds and to cooperate with the over-
taking driver. 
4. Road design modification, such as wide 
shoulders and addition of lanes. 
5. Traffic planning to minimize use of two-
lane rural roads. 
6. Electronic devices informing the driver 
when it is safe to pass. 
Farber and Silver of the Franklin Institute Research 
Laboratories made a series of studies concerning driver 
judgement and the passing maneuver (16, 17, 18). These 
studies were made to investigate the possible use of re-
medial aids in various passing situations. They concluded 
that providing information to the driver concerning on-
coming car speed and closure rate should improve safety 
9 
and overall traffic flow on two-lane highways. Addition-
ally, a more comprehensive study was made by another Frank-
lin Institute Research Laboratories (FIRL) team under the 
direction of Anno Cassel (6). This very detailed and 
thorough study of remedial aid systems for the passing 
maneuver concluded that an economically feasible electron-
ic system of driver aid could be developed and implemented. 
However, the FIRL report also stated that more accurate 
and detailed studies are needed. 
A Texas Transportation Institute, Texas Highway Depart-
ment Cooperative Research report by Weaver and Glennon (19) 
studied the "passing maneuver as it relates to the passing 
sight distance standards." Their report was uan examina-
tion of current state of knowledge concerning the passing 
maneuvers to ascertain the validity of existing passing 
sight distance standards." They concluded that several 
values used in current AASHO design standards are question-
able. These questionable values included the striping 
specifications first developed in the 1940 AASHO Policy 
for striping no-passing zones. 
A report by Valkenburg and Michael (2) presented at 
the 1971 Annual Meeting of the Highway Research Board com-
pared the use of the short zone and the long zone concept 
for marking no-passing zones on two-lane highways. This 
investigation carefully studied the passing maneuver to 
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determine the desirability of using the long zone concept. 
The report concluded that the long zone concept of marking 
no-passing zones was superior to the short zone concept. 
These studies concerning the characteristics of over-
taking and passing maneuvers show the wide spectrum of 
problems related to this maneuver and the present state 
of the art in applying solutions. An examination of the 
studies will also show the need for more information since 
many questions remain unanswered. 
B. Use of Computer Simulations in Studying Transportation 
Problems 
Computer simulation of real systems has become a valu-
able aid to analysts and decision makers in many disciplines 
in recent years. In the area of Transportation, computer 
simulation has been the major tool in many successful stud-
les. A computer simulation was used to model a two-lane 
rural road in a study of the effectiveness of remedial de-
vices by Cassel and Janoff of the Franklin Institute Re-
search Laboratory (20, 6). This model included a sophisti-
cated handling of the passing maneuver making it a rela-
tively advanced model of the two-lane rural road. Another 
less sophisticated mathmatical model was developed by 
Erlander (21) to study traffic flow characteristics on a 
two-lane highway. In a study entitled "A Digital Simula-
tion of Car Following and Overtaking" by Fox and Lehman 
(22), a computer simulation was used to incorporate human 
factor concepts into the car following equation. 
ll 
Dawson and Michael (23) used a computer simulation 
model of a freeway on-ramp to study the flow characteris-
tics for various ramp and freeway volumes. A multipurpose 
model was developed to describe traffic performance and 
control at individual intersections in a comprehensive 
study entitled "Improved Criteria for Traffic Signals at 
Individual Intersections" by Gerlough and Roland (24). 
These recent studies are typical of the wide variety of 
transportation problems which have been successfully com-
pleted with the computer simulation technique. 
The advantage of computer simulation for research ln 
transportation systems has been epitomized in the statement 
made by Hiller and Lieberman (9) to the effect that "the 
experiments are done on the computer model rather than on 
the real system because the latter would be too inconven-
ient, expensive and time consuming." 
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III. DESCRIPTION OF THE MODEL 
A. General Description 
The traffic flow model used in this study is a digital 
computer simulation utilizing the technique of periodic 
scann1ng to move the vehicles through a series of unit 
blocks. The simulation program is written in Fortran IV 
computer language, and all simulation runs were made on an 
IBM 360/50 computer located on The University of Missouri-
Rolla campus. 
The model was developed to simulate traffic flow on 
rural two-lane highways and does not include any provisions 
to simulate intersecting routes at grade or interchanges. 
The basic model simulates traffic flow on a straight and 
level road carrying various traffic volumes. However, by 
incorporating sight distance restrictions and no-passing 
zones the model can simulate roads with various geometric 
configurations. Slow down factors could also be added to 
simulate the effect of hills and horizontal curves. 
Four miles of road were simulated in this model. How-
ever, data was recorded only on the middle three miles to 
avoid difficulties normally encountered in modeling end 
conditions. The distribution and configuration of sight 
distance restrictions and no-passing zones were taken di-
rectly from existing roads in Missouri. This road informa-
tion, as well as the vehicle speed distribution, was fur-
nished by the Missouri State Highway Commission. 
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Vehicles are introduced into the system at each end 
according to a predetermined modified Poisson headway dis-
tribution (25). When using a true Poisson distribution, 
time between arrivals is expressed as an exponential curve. 
However, in this simulation the exponential curve was shift-
ed a small amount away from the origin to eliminate less 
than minimum headways and to insure that only one vehicle 
entered the system during any one interval of time. De-
sired speeds for vehicles entering the system were deter-
mined from observed speed distributions on ten rural high-
ways in the Missouri primary system (26). 
Road configuration and vehicle information were as-
signed by separate data preparation programs prior to run-
nlng the simulation program. 
In this model, a passing situation arises when a ve-
hicle is constrained or will be constrained in the next 
time interval to travel at a speed less than its desired 
speed because of a leading vehicle traveling in the same 
lane at a lower speed. When this passing situation occurs, 
the decision as to whether to initiate the passing maneuver 
or to decrease speed and assume a safe following distance 
is made by a subroutine called $PASS. Many different 
pass1ng rules may be simulated by altering subroutine 
$PASS. Once the decision to pass has been made, the pass-
lng vehicle is advanced through the passing maneuv8r by 
the subroutine PASSR for vehicles in the right lane and 
subroutine PASSL for vehicles in the left lane. These 
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two subroutines accelerate the passlng vehicle at its in-
dividual acceleration rate until the passing vehicle lS 
traveling ten miles per hour faster than the vehicle being 
passed. After this ten mile per hour speed differential 
has been established, the passing vehicle travels at a 
constant speed until the pass is completed. If the pass-
lng vehicle is unable to complete the attempted pass safe-
ly, the subroutine will simulate acceleration or decelera-
tion of the vehicle to avoid an accident. An emergency 
indicator is recorded when such evasive action is taken. 
B. Input - The Data Preparation Programs 
There are two data preparation programs. The first of 
these programs assigns the initial values to the vehicle 
data matrix VEH(I,J), where I equals the vehicle identifi-
cation number, and J indicates a particular piece of infor-
mation about vehicle I. 
Input for this vehicle data preparation program con-
sists of SlX cards which state desired traffic volume in 
vehicles per hour, the simulation distance, the approximate 
average velocity of the input vehicles, the deceleration 
rate, the average acceleration rate and the minimum head-
way between vehicles. The first operation of the program 
is to calculate the average headway between vehicles in 
seconds. 
AVEHDY = 3600.0/VPH 3.1 
where 
AVEHDY = average headway ln seconds, 
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VPH = traffic volume in vehicles per hour. 
Next, the number of vehicles initially required to be 
on the road at the beginning of the simulation is calcu-
lated. 
where 
K = VPH * DST/AVEVEL 3.2 
K = the number of vehicles required to be on the road 
initially to simulate the desired traffic volume, 
VPH = traffic volume in vehicles per hour, 
DST = the length of road to be simulated, 
AVEVEL = the approximate average velocity of the ve-
hicles in miles per hour. 
Then a random number between 0.0 and 1.0 is assigned to 
VEH(I,2), (I= l to K). In the simulation program, these 
random numbers are used to distribute these initial vehi-
cles into the system 1n a random order. 
Next, the total number of vehicles to be prepared for 
the simulation is calculated. 
where 
KARKS = VPH + 100 
KARDS = the total number of vehicles to be prepared 
for the simulation, 
VPH = traffic volume in vehicles per hour. 
Subsequently, the remaining values of VEH(I,2), (I = 
K + 1 to KARDS) may be calculated. These values represent 
the times ~t which each individual vehicle will enter the 
simulated road. Headway between vehicle arrivals is 
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determined by the following equation; 
where 
X= XMNHDY- CAVEHDY- XMNHDY) ~·, ALOGCRAND)(O)) 3.4 
X= headway between consecutive vehicles 1n seconds, 
XMNHDY = the minimum headway allowed between vehicles 
(2 seconds), 
ALOGCRAND(O)) = logarithm of a random number between 
0.0 and 1.0. 
The resulting vehicle arrival rate follows a translated 
Poisson distribution (25). 
With these operations complete, the program procedes 
to ass1gn values to the remainder of the vehicle data ma-
trix. First, VEHCI,l), (I= 1 to KARDS) is randomly as-
signed the value of 1.0 or 0.0. The assignment of a 0.0 
means the vehicle enters the simulation system in the right 
lane while the assignment of a 1.0 means the vehicle enters 
the simulation system in the left lane. Next, VEHCI,3), 
(I = 1 to KARDS) is assigned a value by the function sub-
program SPESDCX). Function subprogram SPEED(X) draws a 
random number to determine the desired speed for the ve-
hicle from a distribution of observed speeds. This distri-
bution of speeds (Figure 3.1) was taken from the average 
distribution of observed speeds on ten primary two-lane 
rural highways in Missouri (26). Subsequently, VEH(I,4), 
(I= 1 to KARDS), the actual vehicle speed is set equal 





















20 30 40 50 60 70 
DESIRED VEHICLE SPEEDS (MILE PER HOUR) 





desired speed, mean1ng that the vehicles will enter the 
simulating system traveling at their desired speed. 
VEH(I,5), (I = 1 to KARDS) is assigned the value of 
0 • 0 • This variable is used later by the simulation program 
in determining whether a pass has been completed. But, it 
must first be initially set equal to zero. 
Following this, VEH(I,6), (I= 1 to KARDS) lS assigned 
a value for its acceleration rate according to the follow-
lng equation: 
where 
VEH(I,6) = ACC - .5 + RAND(O) 
VEH(I,6) = the acceleration rate of the individual 
vehicle, 
3 . 5 
ACC = the average acceleration rate established at the 
beginning of the program (3 ft./sec. 2 ) (27), 
RAND(O) =a random number between 0.0 and 1.0. 
Acceleration rates assigned in this manner results in the 
individual acceleration rates being distributed according 
to a uniform random distribution between ACC - .5 and ACC + 
.5 in feet per second squared (28). A fixed value for de-
celeration rate (16 ft./sec. 2 ) is assigned to VEH(I,7), 
(I= 1 to KARDS) (12). 
The final step of the vehicle data preparation program 
1s to punch the information contained in the vehicle data 
matrix onto IBM cards so that the cards may be read into 
the simulation program. 
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The second data preparation program assigns the loca-
tion of the no-passing zones along the simulated highway. 
Location of the no-passing zones is determined from a log-
mile record of no-passing zones furnished by the Missouri 
State Highway Commission (29). These log-mile records were 
furnished for two typical rural highways in Missouri with 
approximately 34% and 67% no-pass1ng zones. 
Beginning and ending log-mile of each no-passing zone 
is punched onto IBM cards. When these cards are read into 
the simulation program, the log-mile record of no-passing 
zones is converted to a unit block record of no-passing 
zones by assigning a distinctive value to unit blocks that 
are within no-passing zones. 
C. Main Program 
The maln line program has the following six major 
functions: 
l. Initializing the variables. 
2. Entering vehicles into the simulating system. 
3. Advancing all vehicles along the road except those 
performing a passing maneuver. 
4. Calculating the relative location and speed of 
vehicles and feeding this information into the 
subroutine which makes the decision on whether to 
pass or delay. 
5. Slowing vehicles to maintain a proper following 
distance when a pass may not be attempted. 
6. Printing output statistics. 
20 
The prlmary step in initializing variables is reading 
ln the two major matrixes: IUB(I,J) the road configuration 
matrix, and VEHCI,J) the vehicle data matrix. This includes 
the random placement of a predetermined number of vehicles 
throughout the system according to a uniform probability 
distribution. The number and placement of vehicles is pre-
determined by the vehicle data preparation program so as to 
simulate a given traffic volume. 
The secondary step in initializing variables lS to 
assign initial values to the various parameters. 
parameters include: 
These 
VPH = traffic volume in vehicles per hour, 
SIMTIM = maximum simulation time, (seconds) 
SIMDST = length of the simulation road, (miles) 
LUB =length of a unit block (20 feet), 
TIME = simulation time, (seconds) 
ITV = time increment (2 seconds) 
NOA = number of arrivals, 
NOP = number of passes, 
DLYTIM = delay time, (seconds) 
LEAVE = number of vehicles leaving the system 
IM = emergency indicators, 
SPACE = the space required for vehicle to return to 
its original lane to complete a passing maneu-
ver, (feet) 
NUB= (SIMDST A 5280.0)/LUB 
= Number of unit blocks 
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Entering vehicles into the system at the correct time 
1s the second major function of the main line program. If 
TIME is less than or equal to the time of the next arrival, 
the program enters the next vehicle into the system. Each 
time interval this check is made to determine if it is time 
for another arrival. 
Vehicles are advanced along the simulated road by mov-
1ng the vehicle through a series of unit blocks. The pro-
gram scans each unit block along the simulated highway at 
every time interval. If a vehicle 1s present, the program 
checks to determine if the vehicle 1s performing a pass1ng 
maneuver. When the vehicle is performing a passing maneu-
ver, the main program calls the proper passing subroutine 
(PASSR for the right lane and PASSL for the left lane). 
However, if the vehicle is not performing a passing maneu-
ver, the main program calculates the vehicles new location 
after traveling a time interval at its desired speed. 
Next, the program determines whether the actual following 
distance at this desired speed is greater than required 
following distance F. 
F = VNV/(XLUB * 1.47) 3. 6 
where 
F = the required safe following distance, 
VNV = the velocity of the vehicle being followed, 
XLUB = length of a unit block. 
Equation (3.6) has the effect of requ1r1ng ten feet of 
following distance for every ten miles per hour of speed 
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( 2 7) . Should the actual following distance be greater than 
the required following distance, the vehicle is placed 1n 
this new location until the next time interval. However, 
if this following distance rule would be violated by plac-
ing the vehicle in its desired new location, a decision as 
to whether to initiate the passing maneuver must be made. 
Before calling the decision to pass subroutine $PASS, 
the relative location and speed of all the vehicles 1n-
volved in the passing maneuver is determined. This rela-
tive location and speed information consists of: 
ACC = acceleration rate of vehicle desiring to pass, 
VEL= velocity of vehicle desiring to pass, (ft./sec.) 
XLAG = distance from vehicle desiring to pass to the 
vehicle being passed, (feet) 
VNV =velocity of vehicle being passed, (ft./sec.) 
XDTG = distance from vehicle desiring to pass to an 
opening in its original lane where the pass may 
be completed, (feet) 
GAP = distance from vehicle desiring to pass to the 
closest oncoming vehicle in the opposite lane, 
VOC =velocity of oncoming vehicle, (ft./sec.) 
XLPZ = distance from vehicle desiring to pass to the 
beginning of the next no-passing zone. (feet) 
Using this information the decision to pass subroutine, 
$PASS, determines whether to attempt a pass. 
A decision to attempt a passing maneuver results 1n 
the main program calling PASSR for vehicles in the right 
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lane and PASSL for vehicles 1n the left lane. These sub-
routines move the vehicle through the passing maneuver. 
However, if the decision is to not attempt a passing maneu-
ver, the main program slows the vehicle to maintain a prop-
er following distance. When this slow down is necessary, 
an increase in delay time is recorded. 
The final function of the main line program is to out-
put information as desired. Printing output information 
may be done in two different ways. 
l. Output information throughout the simulation run 
whenever a significant event occurs. This means 
that all arrivals, departures, attempted passes, 
emergency indicators and increases in delay time 
are printed when they occur. 
2. Output information only at the end of the simula-
tion run. This method saves some computer time 
but does not allow for a detailed analysis of the 
simulation run. 
D. $PASS 
$PASS is the subroutine responsible for determining 
whether to initiate a passing maneuver. This subroutine 
is called whenever a vehicle will be constrained to travel 
at less than its desired speed because of a leading vehicle, 
and the vehicle desiring to pass is in a passing zone. 
Subroutine $PASS only determines whether to initiate a pass-
lng maneuver and does not move the vehicle through the pass-
lng maneuver. 
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Several different sets of criteria, or passlng rules, 
for initiating the passing maneuver have been developed to 
determine their effect on the output from the simulation. 
These passing rules are as follows: 
l. Pass Everytime. Everytime a vehicle would be 
forced to slow down because of a leading vehicle, 
it attempts to execute a flying pass. Using this 
passing rule creates the maximum number of passes 
and emergency indicators. 
2 • Pass Only When it is Safe to Pass. This passlng 
rule means that a passlng maneuver will be initi-
ated only when the passing vehicle will remain in 
a passlng zone throughout the passing maneuver, 
there is a sufficient gap in the right lane for 
the passing vehicle to return to its own lane 
after completion of the pass, and the gap between 
the passing vehicle and the closest oncoming vehi-
cle in the opposite lane is long enough to make a 
safe pass physically possible. Using this method 
to initiate the passing maneuver removes driver 
judgement and human error and provides the maxi-
mum number of safe passes. 
3. Various Gap Acceptance Criteria. Using this pass-
lng rule a vehicle will accept a passing opportun-
ity only if a predetermined gap between passing 
vehicle and the closest oncoming vehicle in the 
opposite lane is available. Acceptable gaps may 
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be any fixed value, or the vehicle may accept 
gaps according to probability distributions with 
the parameters of gap to oncoming vehicle and the 
speed of the leading vehicle (20). By examining 
the effects of these various gap acceptance param-
eters, it is possible to determine if gap accep-
tance is a significant factor in the overall flow 
characteristics of a two-lane rural highway. 
E. PASSR and PASSL 
Subroutines PASSR and PASSL are responsible for ad-
vancing vehicles through the passlng maneuver. PASSR moves 
vehicles in the right lane. PASSL moves vehicles in the 
left lane. All vehicles accelerate uniformly for a full 
time interval when the passing maneuver is initiated. The 
new velocity of the passing vehicle and distance traveled 
by the passing vehicle are determined by the following 
equations: 
where 
VEH(K,4)NEW = VEH(K,4)0LD + VEH(K,6)*XITV 3.7 
VEH(K,4)NEW = velocity (ft./sec.) of the vehicle per-
forming the passing maneuver after one 
time interval of acceleration, 
VEH(K,4)0LD =velocity (ft./sec.) of the passing ve-
hicle before one time interval of ac-
celeration, 
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VEH(K,6) . . • . 2 = 1nd1v1dual accelerat1on rate (ft./sec. ) of 
the passing vehicle established by the data 
preparation program, 
XITV = the length of one time interval 1n seconds. 
and 
AD = (VEH(K,4)*XITV + VEH(K,6)*(XITV**2)/(2.0))/XLUB 
where 
3 . 8 
AD = the number of unit blocks traveled during one 
time interval of uniform acceleration, 
VEH(K,4) = present velocity (ft./sec.) of the passing 
vehicle, 
VEH(K,6) = individual acceleration rate (ft./sec.2) 
of the passing vehicle established by the 
data preparation program, 
XITV = the length of one time interval in seconds, 
XLUB = length of one unit block in feet. 
Passing vehicles continue to accelerate uniformly each 
time interval until the velocity of the passing vehicle is 
equal to or greater than the velocity of the vehicle being 
passed plus ten miles per hour. This modeling of the pass-
1ng maneuver 1s in agreement with AASHO design standards. 
In the AASHO design standards, the passing vehicle is as-
sumed to average ten miles per hour faster than the vehicle 
being passed (1, 2). After the passing vehicle has reached 
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this maxlmum speed for the passing maneuver, the passing 
vehicle is advanced at this maximum speed until the pass-
lng maneuver is terminated. 
There are two ways a passing maneuver may be terminat-
ed. Each time interval a check is made to determine if the 
passing vehicle may safely return to its original lane and 
complete the passing maneuver. To safely complete a pass 
in this manner, the passing vehicle must have passed the 
vehicle that is was previously following, and a space of 
150 feet (13) must be available to allow the passing vehi-
cle to return to its original lane. Whenever a pass is 
terminated in this manner a completed pass is recorded. 
Additionally a check lS made at each time interval to 
determine if it is necessary to terminate or abort the pass-
ing maneuver ln order to avoid a collision. The next posi-
tion of the passing vehicle is compared to the next loca-
tion of the closest oncoming vehicle. If the next positions 
of the two closing vehicles are within 40 feet of each 
other, collision is imminent and the passing attempt is ter-
minated. Whenever a pass is terminated in this manner, an 
emergency indicator is recorded and the vehicle attempting 
to pass swerves back into its original lane. An emergency 
indicator does not mean that a collision has occured, how-
ever an emergency indicator does mean that the passing 
attempt could not be completed with an acceptable margin 
of safety. 
F. Explanation of Output 
The following output statistics and messages are 
printed by the simulation program: 
NOA = number of arrivals. 
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This is printed each time a new vehicle enters 
the system, along with the time of the arrival, 
a code indicating whether the vehicle enters 
the right or left lane and the vehicle number. 
LEAVE = number of departures. 
This is printed each time a vehicle leaves 
the system, along with the number of the vehi-
cle leaving the system and the time of depar-
ture. 
NOP = number of passes. 
This is printed each time a passing maneuver lS 
attempted. Also printed at this time is the 
number of the vehicle attempting to pass and the 
time of the passing attempt. 
PASS COMPLETE 
This message is printed each time a passlng 
maneuver is safely completed. Also printed at 
this time is the number of the vehicle safely 
completing the pass. 
EMLR IND = number of emergency indicators. 
This is printed each time a passlng maneu-
ver is terminated because the attemnted 
pass may not be completed with an adequate 
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margin of safety. Also the time that the 
pass ls terminated is printed at this 
time. 
DELAY TIME = total number of seconds that vehicles are 
forced to travel at less than their desired speed 
because of a slower leading vehicle. 
This lS printed each time the total delay 
time lS increased. Additionally, the 
number of the vehicle being delayed, and 
the lane in which the delay occurs lS 
printed. 
It is not necessary to outnut all of these variables 
each time one of the specific events occurs. However, by 
having this information printed each time a significant 
eve11t occurs, it is possible to better analyze the simula-
tion to determine if the model is performing as expected. 
IV. RESULTS AND DISCUSSION 
A. Pass Everytime 
30 
Computer runs using the "pass everytime 11 pass1ng rule 
were made to determine at what traffic volume a signifi-
cant number of potential passing conflicts begin to occur. 
By requiring a vehicle to pass, rather than slow down, 
everytime it overtook a slower vehicle, the max1mum number 
of passes and emergency indicators were generated. This 
pass1ng rule simulates the situation where a driver attempts 
to pass ragardless of oncoming traffic or sight distance 
restrictions. 
From the output of these simulation runs (Table 4.1), 
it may be seen that no passes were required at or below 
traffic volumes of 60 vehicles per hour, and that no emer-
gency indicators were generated at or below 80 vehicles per 
hour. These results indicate that no passing situations 
would occur for traffic volumes of 60 VPH or less, and no 
conflicts with oncoming vehicles would occur for traffic 
volumes of 80 VPH or less, even if a driver were foolish 
enough to pass without regard for his own and ethers safety 
everytime a passing situation arose. These results should 
not be taken to mean that passing attempts or conflicts 
with oncoming vehicles may not occur at traffic volumes 
less than those indicated. But, these simulation runs do 
indicate that passing attempts and conflicts with oncom1ng 
vehicles are extremely rare events at these low traffic 
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volumes and that the probability of such events approaches 
zero at the indicated traffic volumes for the particular 
speed distribution used in this model. 
Figure 4.1 shows graphically the number of attempted 
passes versus traffic volume and the number of emergency 
indicators versus traffic volume from simulation runs uslng 
the ''pass everytime" passing rule. These graphs show that 
the rate of change for both attempted passes and emergency 
indicators versus traffic volume begins to increase in the 
general region of 100 vehicles per hour. 
Figure 4.2 and figure 4.3 show curves that were fitted 
to the data points, between 100 and 800 VPH, using the 
method of least squares. Equation 4.1 expresses the number 
of attempted passes as a power function of traffic volume, 
and equation 4.2 expresses the number of emergency indica-
tors as a power function of traffic volume. A correlation 
coefficient of .99 was obtained using a least squares fit 
for these curves. 
where 
NOP = .00142*VPH**l.90 
IM = .00000378*VPH**2.76 
4.1 
4. 2 
NOP = number of passes generated when the "pass every-
time11 passing rule is used, 
IM = number of emergency indicators generated when the 
"pass everytime" passing rule is used, 
VPH = traffic volume in vehicles per hour. 
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B. Pass Only When Safe to Pass 
Computer runs using the "pass only when safe to pass" 
passing rule were made to determine what effect the re-
moving of human error had on the simulation output. This 
passing rule was also used to determine if the simulation 
model was performing as desired. Using this passing rule 
means that a passing maneuver 1s initiated only when: 
(a) the passing vehicle will rema1n 1n a pass1ng zone 
throughout the maneuver, (b) there is a sufficient gap 1n 
the right lane for the passing vehicle to return to its 
own lane after completion of the pass, and (c) the gap be-
tween the passing vehicle and the closest oncoming vehicle 
in the opposite lane is long enough to make a safe pass 
physically possible. 
Output from these simulation runs (Table 4.2) indi-
cates the maximum number of safe passes and the amount of 
delay time that occurs for various traffic volumes and 
various road geometries. This maximum number of safe pass-
es indicates only the number of passes attempted where the 
driver was able to determine before he initiated a pass1ng 
maneuver that it was safe to perform that passing maneuver. 
Often, the driver cannot determine if it is safe to pass 
because of limited sight distance. When sight distance is 
limited, many opportunities to pass safely are missed be-
cause the driver cannot see far enough to determine that it 
is safe to pass. For purposes of this simulation, sight 
distance was limited by allowing the driver to see 300 feet 
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into the next no~passing zone. The amount of delay time 
indicates the total number of seconds that vehicles were 
forced to travel at less than their desired speed because 
of a slower leading vehicle. 
From the data (Table 4.2) it may be seen that no 
passes were attempted when 67% no-passing zones were used. 
This result is due to the particular configuration of these 
no-pass1ng zones used in this model. The configuartion of 
these no-passing zones was taken directly from the log-mile 
record of no-passing zones for a rural road consisting of 
a series of short hills and curves, typical of many roads 
in the Missouri Ozarks. Although only 67 percent of the 
simulated road was striped as no-passing zones, the dis-
tance between the no-passing zones was usually short, less 
than 1000 feet, because of the many short hills and curves. 
With the speed distribution used 1n this simulation, vir-
tually all passes are high speed passes (2) requiring more 
than 1300 feet sight distance. 
Figures 4.4 and 4.5 show graphically the relationship 
between attempted passes and traffic volume and the rela-
tionship between delay time and traffic volume for simula-
tion runs using the "pass only when safe to pass" passing 
rule. From figure 4.4, it may be seen that the number of 
passes increases with traffic volume until the traffic 
volume reaches approximately 800 vehicles per hour. If 
traffic volume increases beyond region of 800 vehicles per 
hour, the number of passes generated decreases with 
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increasing traffic volume. Figu~e 4.5 shows that after the 
maximum number of passes have been generated in the region 
of 800 vehicles per hour, the amount of delay time generaT-
ed 1ncreases linearly with increasing traffic volumes 
through 1200 vehicles per hour. 
C. Effect of Various Gap Acceptance Criteria 
Computer runs were made using three different sets of 
criteria for gap acceptance to determine if gap acceptance 
is a significant factor in the overall traffic flow char-
acteristics of a two-lane highway. The first criterion 
used for gap acceptance was to accept any gap greater than 
1000 feet. This criterion was used to determine the effect 
of a constant value for gap acceptance and to cowpare the 
results with results from simulation runs using different 
gap acceptance criteria. 
The second set of criteria used to determine gap ac-
ceptance was similar to that used by Cassel and Janoff in 
their simulation model (20). Using this gap acceptance 
criteria, the acceptable gap was determined according to a 
probability distribution which had as the only parameter 
the distance to an oncoming vehicle. Cassel and Janoff 
used an additional parameter of lead car speed to model the 
lower speed passing maneuver. However, it was possible to 
use only one parameter in this simulation model because 
the lead car speed was greater than 45 miles per hour in 
virtually all passing situations due to the faster speed 
distribution used in this model. According to studies made 
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by the Franklin Research Institute (7), the probability 
curves used by Cassel and Janoff reflect actual driver be-
havior on rural two-lane highways. Figure 4.6 shows the 
probability distribution similar to Cassel and Janoff's 
used 1n this model, as well as the probability distribution 
used by the third set of gap acceptance criteria. 
The third set of gap acceptance criteria used another 
simple probability distribution to determine an acceptable 
gap. Using this distribution the acceptable gap is deter-
mined by the following equation: 
where 
ACCGAP = 1000 + 1000 * RAND(O) 
ACCGAP = length of an acceptable gap in feet, 
RAND(O) = a random number between 0.0 and 1.0. 
4. 3 
This equation results in the length of acceptable gaps be-
ing distributed according to a uniform random distribution 
between 1000 and 2000 feet. The third set of gap accep-
tance criteria was developed to determine if output similar 
to output generated using Cassel and Janoff's gap accep-
tance criteria could be generated by using a more simpli-
fied gap acceptance model. 
Tables 4.3, 4.4 and 4.5 show the output from these 
simulation runs for various traffic volumes and various no-
passing zone configurations. For simulation runs us1ng 
zero percent no-pass1ng zones, the following compar1sons 
may be noted: 
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l. The different gap acceptance criteria appeared to 
have little effect on the number of passes at-
tempted. 
2. Approximately the same number of emergency indica-
tors were generated by using either the "accept 
1000 feet" criterion or the Cassel and Janoff cri-
teria. However, the computer runs using the "ac-
cept 10 0 0 + 10 0 0 ;': RAND ( 0)" criteria generated 
considerably fewer emergency indicators. 
3. Using either the Cassel and Janoff criteria or the 
"accept 1000 + 1000 -1: RAND(O)" criteria resulted 
in approximately the same amount of delay time be-
ing generated, while using the "accept 1000 feet" 
criterion resulted in significantly less delay 
time being generated. 
The following comparisons may be noted for simulation 
runs us1ng the 34 percent and the 57 percent no-passing 
zones road configurations: 
l. The "accept 1000 + 1000 * RAND(O)" criteria re-
sults in significantly less passing attempts than 
us1ng the other two criteria which result in ap-
proximately the same number of passing attempts. 
2. The "accept 1000 feet" criteria results in slight-
ly less emergency indicators being generated than 
using the Cassel and Janoff criteria, while using 
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the "accept 1000 + 1000 '': RAND(O)" passing cri-
teria results in less than one half as many emer-
gency indicators being generated. 
3. Each gap acceptance criteria appears to generate a 
significantly different amount of delay time, with 
the "accept 1000 feet" criteria generating the 
least delay time and the "accept 1000 + 1000 ,•: 
RAND(O)" generating the most delay time. 
Several general trends are indicated by the output 
data from the simulation runs discussed above. 
l. The model used to describe gap acceptance lS more 
significant determining delay time and emergency 
indicators than in determining the number of at-
tempted passes. However, gap acceptance may be 
critical in determining the number of attempted 
passes ln some instances. 
2. The model used to describe gap acceptance becomes 
more significant as traffic volumes increase. 
3. The model used to describe gap acceptance becomes 




OUTPUT FROM SIMULATION RUNS USING THE "PASS 
EVERYTIME" PASSING RULE 
Traffic Volume Number of Passes Number of Emergency 
1n Vehicles Attempted Per Indicators Per 
Per Hour Mile Per Hour Mile Per Hour 
50 0 0 
60 0 0 
70 3 0 
80 6 0 
90 6.87 1.25 
100 9 1 
120 19.8 6 
200 37.3 12 
300 65.4 2 5. 2 
400 117.5 61.4 
500 193 111 
600 267 156 
700 356 267 
800 510 370 
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TABLE 4. 2 
OUTPUT FROM SIMULATION RUNS USING THE 
"PASS ONLY WHEN SAFE TO PASS" PASSING RULE 
Traffic Volume Number of Passes Delay Time 
ln Vehicles Attempted Per Per Mile 
Per Hour Mile Per Hour Per Hour 
0% No-Passing Zones 
100 9 6 6 . 7 
200 2 6 . 7 227 
400 66.7 1580 
600 136.4 4710 
70 0 146.97 9879.8 
800 152.2 12904.4 
1000 143 23233 
1200 81.8 33890.9 
34% No-Passing Zones 
100 0 9 4 9. 3 
200 4 3060 
400 18.7 7650 
600 30.6 14200 
67% No-Passing Zones 
100 0 949.3 
200 0 3160 
400 0 8386.7 
600 0 17029.3 
TABLE 4. 3 
OUTPUT FROM SIMULATION RUNS USING THE 
"ACCEPT 1000 FEETn GAP ACCEPTANCE CRITERION 
Traffic Volume Number of Passes Number of Emergency Delay Time 
in Vehicles Attempted Per Indicators Per Per Mile 
Per Hour Mile Per Hour Mile Per Hour Per Hour 
0% No-Passing Zones 
100 9 . 3 0 0 
200 32 4 16 
400 92 26. 7 341 
600 2 32 74.6 1100 
34% No-Passing Zones 
100 5 . 3 1.3 245 
200 29.4 4 414 
400 92 40 19 81. 3 
600 172 70.7 5522.7 
67% No-Passing Zones 
100 4 0 362 
200 16 4 1490 
400 46.7 20 3922.7 
600 84 30.7 9816 
+ 
0 
TABLE 4. 4 
OUTPUT FROM SIMULATION RUNS USING GAP ACCEPTANCE 
CRITERIA SIMILAR TO THAT USED BY CASSEL AND JANOFF 
Traffic Volume Number of Passes Number of Emergency Delay Time 
in Vehicles Attempted Per Indicators Per Per Mile 
Per Hour Mile Per Hour Mile Per Hour Per Hour 
0% No-Passing Zones 
100 9 . 3 0 16 
200 26. 7 2. 7 109 
400 9 0. 5 30.6 523 
600 223 70.7 2080 
34% No-Passing Zones 
100 6. 7 2. 7 218.7 
200 2 9. 4 5.33 850 
400 92 36 3067 
600 172 74.7 6693 
67% No-Passing Zones 
100 3 0 50 9. 3 
200 20 6. 7 2250.7 
400 38.7 14.7 5149.3 
600 85. 3 45. 3 11157.3 
-I= 
f--' 
TABLE 4. 5 
OUTPUT FROM SIMULATION RUNS USING THE 
"ACCEPT 1000 + 1000l:RAND (0)" GAP ACCEPTANCE CRITERIA 
Traffic Volume Number of Passes Number of Emergency Delay Time 
in Vehicles Attempted Per Indicators Per Per Mile 
Per Hour Mile Per Hour Mile Per Hour Per Hour 
0% No-Passing Zones 
100 9 . 3 0 0 
200 28 1.3 109 
400 9 0. 5 14.7 489 
600 213.5 46.7 2000 
34% No-Passing Zones 
100 5 . 3 0 277 
200 2 5 . 3 4. 0 1154.7 
400 72 18.7 4293 
600 113.3 29. 3 8954.7 
67% No-Passing Zones 
100 4 0 554 
200 4 0 2768 
400 21.3 8 6882.7 
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Gap in curve is due to the fact that the 
nature of the curve changes in that re-
gion and the shape of the curve cannot 
be predicted. 
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V. CONCLUSIONS AND RECOMMENDATIONS 
A. Conclusions 
Based on the results of this research the following 
conclusions may be made~ 
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l. Assuming that maximum daily hourly traffic volume 
is approximately 10 percent of the average daily 
traffic volume, the results of this research indi-
cate that the Missouri State Highway Department's 
use of 1000 ADT as a criterion for striping no-
passlng zones lS a reasonable practice. 
2. The number of attempted passes generated using the 
"pass everytime" passing rule may be expressed as 
a power function of traffic volume (Equation 4.1). 
3. The number of emergency indicators generated using 
the "pass everytime" passing rule may be expressed 
as a power function of traffic volume (Equation 
4. 2 ) . 
4. If vehicles attempt to pass only when it is safe 
to pass, the number of passes increases with ln-
creasing traffic volume until traffic volume 
reaches 800 vehicles per hour. If traffic volumes 
increase beyond 800 vehicles per hour, the number 
of passes decreases with increasing traffic vol-
ume. As traffic volumes increase beyond 1000 ve-
hicles per hour, the number of passes generated 
decreases rapidly with increasing traffic volume. 
5. If vehicles attempt to pass only when it lS safe 
to pass, the amount of delay time increases lin-
early with traffic volume as traffic volume ln-
creases beyond 800 vehicles per hour. 
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6. Output similar to the output generated uslng 
Cassel and Janoff gap acceptance criteria was not 
generated by using the more simplified gap accep-
tance model. 
7. The model used to describe gap acceptance is more 
significant in determining the amount of delay 
time and the number of emergency indicators than 
in determining the number of attempted passes. 
8. The simulation model becomes more sensitive to the 
modeling of gap acceptance as traffic volumes and 
the percentage of no-passing zones increase. 
B. Recommendations For Further Research 
l. It is recommended that this model be used tn de-
termine the effect of other speed distributions 
and other road configurations on the overall traf-
fic flow on two-lane highway. 
2. In this model, slow down factors were not used to 
sin1ulate the effect of hills and curves. It is 
recommended that these factors be incorporated 
into the simulation model to determine their 
effect on overall traffic flow. 
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3. No attempt was made in this model to differenti-
ate between passenger cars and trucks. It is rec-
ommended that the simulation model be modified to 
simulate the effect of trucks in order to quantify 
the effect of trucks on two-lane highways. 
4. There is some controversy concerning the use of 
the long-zone concept of striping no-passing 
zones (2). It is recommended that the model be 
modified in order to compare the relative merits 
of thE long-zone concept where the driver is al-
lowed to cross a yellow line in his lane to com-
plete a passing maneuver, and short-zone concept 
where the driver 1s not allowed to cross a yellow 
line in his lane at any time. 
5. The results of this research indicate that gap 
acceptance is a significant factor in the overall 
traffic flow on two-lane highways. It is rec-
ommended that further studies be made to quanti-
tatively describe the gap acceptance procedure. 
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